e treated 31 patients with non-traumatic paralysis of the posterior interosseous nerve over 15 years. There were 10 men and 21 women of mean age 40.3 years (17 to 71). Six were managed conservatively, and 25 by operation.
Non-traumatic paralysis of the posterior interosseous nerve is seen in a variety of conditions including entrapment by the edge of the supinator, a space-occupying lesion, inflammatory changes and neuralgic amyotrophy (Parsonage and Turner 1948) . The relative rarity of the condition and the difficulty in diagnosis make the management uncertain. Only a few reports (Spinner 1978; Dawson, Hallett and Millender 1983; Young, Hudson and Richard 1990) have described the indications for surgery, the operative findings and the results.
We have reviewed our experience of patients with moderate to severe symptoms seen in the last 15 years.
PATIENTS AND METHODS
Since 1981 we have treated 31 patients with this condition. There were 10 men and 21 women of mean age 40.3 years (17 to 71). The right side was involved in 14, the left in 17, and the dominant side in 17 (55%). Few had occupations which unduly stressed the forearm.
Twenty-one patients had complained of minimal to severe pain before the onset of paralysis. Of the 21 patients shown to have entrapment neuropathy, eight were free from pain, but all those with neuralgic amyotrophy or nerve constriction had some pain, of a duration and severity which tended to be more severe.
In all 31 patients all of the motor branches were involved. When first seen, paralysis was complete in 21 and incomplete in ten, although three later progressed to complete paralysis. In the 21 patients with entrapment neuropathy paralysis was incomplete in nine when first seen, but all except one went on to complete paralysis. In all patients with complete paralysis both drop-finger and drop-thumb deformity were observed, but in incomplete paralysis variations with either drop finger or drop thumb were seen.
Sensory disturbance was not seen except in the patients with neuralgic amyotrophy. The clinical details of all 31 patients are shown in Table I . Electromyography showed denervation of the extensor digitorum in all patients with entrapment, and of the brachioradialis also in those with neuralgic amyotrophy.
All patients were treated by surgery except for three with simple compression, two with neuralgic amyotrophy and one with an entrapment neuropathy who refused operation. They were treated conservatively.
In patients with space-occupying lesions, MRI and ultrasonography were used to detect the lesion which was resected (Fig. 1) . Patients with entrapment neuropathy were operated on within three months of the onset of paralysis. Those with neuralgic amyotrophy whose symptoms were unchanged at six months underwent surgery. Overall, the period from the onset of paralysis to operation ranged from 2 to 24 weeks (mean 9.0).
In the first ten patients the radial nerve was explored through the anterior approach described by Henry (1957) . We then developed an approach through a long lateral skin incision modified from Mayer and Mayfield (1947) , and used this in the next 15 patients to explore fully all areas where the nerve may have been compressed (Fig. 2) . Characteristic patterns of complete and incomplete paralysis and the associated tender points are useful in identifying the sites of compression. If partial or selective paralysis occurs, the related region must be identified, and the exit from the supinator explored.
RESULTS
At operation the site of compression in 14 patients was the tendinous edge at the entrance to the supinator or at the arcade of Frohse; three showed compression at both the entrance and exit from the muscle. In a further four patients compression was from a ganglion, in one from a lipoma, in one from a dislocated head of the radius and in two from constriction of the nerve. In the remaining three operated patients the retrospective diagnosis was of neuralgic amyotrophy: the only abnormality seen was slight oedema of the nerve.
In the patients with space-occupying lesions, entrapment of the nerve also occurred at the arcade of Frohse, as in the patient with anterior dislocation of the head of the radius. Release of the arcade and resection of the lesions produced full recovery at two to six months after operation (mean 4.2 months).
Marked constriction of the nerve was seen in two patients at about 4 cm proximal to the arcade of Frohse. One underwent epineurolysis and the drop-finger deformity completely recovered after seven months. In the other the constricted portion of the nerve was resected and the ends were sutured under microscopy. Histological examination of the resected portion showed concentrations of small inflammatory cells around the vessels. The drop-finger deformity completely recovered by eight months.
The results of both surgical and conservative treatment were good in all patients except two (Table I) . Paralysis disappeared in 24 of the 25 patients who had surgery between 2 and 18 months (mean 5.6) after operation. Neurolysis in one case was not effective, and a subsequent tendon transfer was done 12 months after the first operation. The patient who refused operation remained paralysed.
DISCUSSION
Conditions which may produce non-traumatic paralysis of the posterior interosseous nerve include compression by the fibrous edge of the entrance (Capener 1966) and/or exit (Spinner 1978) of the supinator, benign tumours or tumorous conditions including a lipoma (Richmond 1953; Moon and Marmor 1964) or a ganglion (Bowen and Stone 1966) , fibrous adhesions (Sharrard 1966) , rheumatoid arthritis (Marmor, Lawrence and Dubois 1967; White, Goodfellow and Mowat 1988) , neuralgic amyotrophy (Furusawa et al 1969) , constriction of the nerve (Hashizume et al 1993; Kotani et al 1995) , delayed paralysis due to a Monteggia fracture (Lichter and Jaconsen 1975) or unreduced anterior dislocation of the radial head (Hashizume et al 1995) and chronic minor repetitive motion at work (Weinberger 1939; Maffulli and Maffulli 1991) . Entrapment by the arcade of Frohse was first observed by Kopell and Thompson (1963) , and the vulnerability of the nerve at the arcade by Capener (1966) and Spinner (1968) . The exit from the supinator was identified as a point of entrapment by Spinner (1978) and Derkash and Niebauer (1981) . Henry's (1957) approach allows exploration of the arcade of Frohse and the area proximal to it if necessary. The long lateral approach allows detection of double compression (Sponseller and Engber 1983) by the tendinous edge at both the entrance to and the exit from the supinator.
Partial compression of the nerve may result in a selective and incomplete paralysis, which, if untreated, will progress to complete paralysis (Dawson et al 1983) . In our patients, all but one incomplete lesion went on to complete paralysis. Spinner (1978) reported some patterns of selective paralysis, and the distal portion of the supinator is responsible for the selective paralysis of descending branches (Hirayama and Takemitsu 1988) . A space-occupying lesion may induce both direct compression and indirect compression at the arcade of Frohse.
The clinical findings and the use of ultrasonography, MRI and EMG are important for reliable diagnosis. Sonography is cheap, easy, non-invasive and was the method first used for identifying space-occupying lesions such as a ganglion (Ogino, Minami and Kato 1991) . MRI, however, provides clearer visual discrimination than sonography.
The differentiation between entrapment neuropathy and neuralgic amyotrophy may be difficult. From the findings of previous papers (Turner and Parsonage 1957; Magee and Dejong 1960; Furusawa et al 1969; Tsairis, Dyck and Mulder 1972; Torikata et al 1976; Futami 1987) , and from our own conclusions a number of distinguishing features may be recognised: 1) Severe pain usually precedes paralysis in neuralgic amyotrophy but is usually absent or slight in entrapment neuropathy. 2) Neuralgic amyotrophy is often preceded by other features including a common cold, influenza, minor trauma, vaccination, the recovery period from major surgery, acute hepatitis or toxic exposure.
3) The degree of paralysis in neuralgic amyotrophy varies from mild to severe. It is changeable and sometimes reversible. Paralysis due to entrapment is progressive and becomes complete. 4) Full examination sometimes reveals additional paralysis and possible sensory disturbance around the shoulder girdle and upper arm in neuralgic amyotrophy. The sensory dis- Long lateral approach. Figure 2a -A line is drawn from the lateral epicondyle (*) to Lister's tubercle and divided into three equal parts. The skin incision starts at least 3 cm beyond the probable exit (*) of the posterior interosseous nerve from the supinator and is traced on the proximal part of this line. A slightly curved line of the same length is then drawn from the lateral epicondyle up between the biceps and triceps muscles. Figure 2b -Nerve compression at the arcade of Frohse (black arrow). Brachioradialis (BR) is retracted laterally for exploration of the arcade and the area proximal to the arcade. Figure 2c -Nerve compression at the exit of supinator (black arrow). Brachioradialis (BR) is retracted medially for exploration of the supinator muscle (SM) and its exit.
tribution of the radial nerve is often involved but sensory change is not seen in nerve entrapment. 5) Evidence of denervation of the brachioradialis or more proximal muscles may be seen in neuralgic amyotrophy but never in entrapment neuropathy. There may be spontaneous recovery from entrapment neuropathy but after six weeks decompression should be undertaken since recovery will not then occur. If neuralgic amyotrophy is suspected operation may be delayed for up to six months. Early operation, however, is not precluded since the risk to the patient is small and release of the arcade of Frohse may produce an improvement in some patients.
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